The role of putative excitatory amino acid neurotransmitters in the initiation of locomotion in the lamprey spinal cord. I. The effects of excitatory amino acid antagonists.
The activation of N-methyl-D-aspartate (NMDA) and kainate receptors will evoke fictive locomotion in the appropriate motor pattern for locomotion in the isolated lamprey spinal cord, but not a selective activation of quisqualate receptors. The present experiments test whether the initiation of locomotion in response to sensory stimulation depends on these types of receptors. An in vitro preparation of the lamprey spinal cord with part of its tailfin left innervated has been used. In this preparation a sequence of fictive locomotion (i.e. alternating bursts in the segmental ventral roots with a rostrocaudal phase lag) can be elicited by continual sensory stimulation of the tailfin. The effects of excitatory amino acid antagonists were studied by recordings from ventral roots (extracellularly) and motoneurones (intracellularly). It was found that the strong initial bursts of each swimming sequence induced by sensory stimulation were depressed by combined NMDA/kainate antagonists (cis-2,3-piperidine dicarboxylate (PDA) and gamma-D-glutamylglycine (gamma-DGG] whereas the less intense burst activity, occurring particularly towards the end of each swimming sequence, was depressed by a selective NMDA antagonist, 2-amino-5-phosphonovalerate (2-APV). This condition could be mimicked in an isolated spinal cord preparation by an application of L-glutamate; the low-level fictive locomotion induced by low doses of L-Glu (less than 100 microM) was depressed by a NMDA antagonist (2-APV), and, if higher doses were applied, the activity was only depressed by PDA/gamma-DGG. The mode and time course of the depression (by excitatory amino acid antagonists) of fictive locomotion, induced by sensory stimulation, shows that the putative excitatory amino acid neurotransmitter directly or indirectly acts at the pattern generating circuitry within the spinal cord.